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•  where we are after the IF report 

   - highlight some updates since that report came out 

•  where do we go now?             

http://if-neutrino.fnal.gov/ 
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Big Questions in ν’s 
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•  we know that ν’s oscillate and have 
  seen evidence for this now in lots of ways 

•  but the picture is not complete and there  
  are a lot of things we still don’t understand: 

             - what is the neutrino mass ordering? 

             - do neutrinos violate CP? 

             - are neutrinos their own antiparticles? 

             - what are the masses of  the neutrinos? 
             - are there more than 3 neutrinos? 

•  is our picture correct or is there is new physics buried here?  
   need multiple experiments to nail down this physics 

these are the 
questions that 

bug us and define  
our future direction – 

this is where  
we are headed 

why are 

ν’s so  

weird? 
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IF Report 
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•  ν WG workshop on Oct 24, 2011 
  and IF meeting in Nov-Dec 2011 

•  neutrino chapter: 50+ pages 
       - outlines state of the physics 

       - lays out all of the opportunities 

•  sections: 
       1- testing the standard neutrino 
             oscillation paradigm     

         2- the nature of the neutrino  
            (Majorana vs. Dirac) 

         3- neutrino masses 

         4- neutrino interactions 

         5- anomalies and new physics  

         6- synergy with other frontiers 

         7- facilities 

•  what’s happened since then? J.L. Hewett, H. Weerts et al., arXiv:1205.2671 
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Smallest Mixing Angle 
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(R. Patterson) 

•  θ13 is non-zero! 

•  large θ13 is great news for 
  the field – it means we can 
  get on to the business of 
  searching for CP violation 
  in the neutrino sector 

•  more precise θ13 measurements 
  will help constrain models and 
  allow us to better define the 
  future program 

•  2nd phase transition 

new! 
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Mass Hierarchy and CP Violation 
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•  the two are closely coupled 
•  there are a number of ideas being discussed on how one can approach 
  the issue of the neutrino mass hierarchy … 

NOvA+T2K 

(+ LBNE, LBNO) 

Super-K 

(+ Hyper-K, INO, PINGU) 

(Daya-Bay II) 

neutrino-less 
double beta  

decay	


atmospheric ν’s accelerator-based ν’s 
reactor ν’s 

new! 
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Long-Baseline Neutrinos   
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•  to get at CP in the ν sector, need a  
  next-generation experiment: LBNE 

•  recognized as a high priority 
•  scientific opportunities here are great 

•  U.S. geography and accelerator/detector capabilities could not be 
  better matched for this science 

•  have chosen a phased path forward for LBNE  
  (community exercise; report in August 2012 –  
  http://www.fnal.gov/directorate/lbne_reconfiguration) 

    - 1st phase: 10 kton LAr at Homestake 
    - CD-1 review at the end of this month 
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(1) Testing the Neutrino Paradigm 
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•  this is the first time we’ve known all 3 mixing angles 
•  critical look at 3ν mixing from current fits to global data 

(M.C. Gonzalez-Garcia et al., arXiv:1209.3023) 

•  so far, the 3-flavor  
  paradigm appears  
  to fit the data well  
  (modulo the SBL anomalies) 

•  have a way to go    
   (have not done as good  
    a job as has been done   
    in the quark sector) 

•  15 years ago, 
  not only hadn’t 
  measured any 
  of this but didn’t 
  even know we 
  could ask these 
  questions! 

•  T2K, NOvA, MINOS+          LBNE 
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(2) Anomalies: νS 
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•  is the 3ν paradigm correct or are there more  
  than the 3 “normal” neutrinos? 

    - there are hints that the ν sector may be 
      more complex 
       (LSND, MiniBooNE, Gallium, reactor flux, cosmology) 

•  a subset of the community has been thinking 
  hard about this – important to figure this out 

•  sterile neutrino whitepaper (269 pages) 
   K.N. Abazajian et al., arXiv:1204.5379 [hep-ph], April 2012 

new! 
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(2) Anomalies: νS 
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•  quite a few ideas on how to test this 
  (BooNE, bolometers, CERN LAr, IceCube, LAr1, MicroBooNE, MINOS disappearance, 
   oscSNS, Planck, radioactive sources in reactor experiments, SCRAAM) 

•  plus, some new ones that have  
  come out since the IF report: new! 

                  ISODAR  
  (A. Bungau et al., PRL 109, 141802, 2012) 

ν STORM 
ν  workshop held at FNAL Sept 2012 

(P. Kyberd et al., arXiv:1206.0294) 
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(2) Anomalies: ν velocity 
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•  do neutrinos travel faster than the speed of  light?   

(K. Nishikawa, Neutrino 2012) 

•  the dust seems 
  to be settling  
  here and the  
  answer appears 
  to be no 
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(3) Nature of the Neutrino 
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•  are neutrinos their own antiparticles? 

•  0νββ only allowed if ν’s are Majorana particles 

(D. Waters, NNN 2012) 

•  how do we best       
  “pitch these efforts”  
   in the context of the    
   Snowmass process? 
   (examples: 0νββ, mν) 

we are here 

next 
decade 

(bkgs, mass) 

requires 
experimental 
breakthrus 
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(4) Neutrino Masses 
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•  tightest constraints from cosmology 
  - new Planck data coming soon 

•  beta decay 
  - KATRIN will start taking data in 2015 

•  other possible approaches being studied 
  - ECHO, MARE, Project-8 

no longer table top experiments! 

KATRIN 
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(5) Neutrino Interactions 
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•  must not forget that neutrino interactions are important in all of this 

   - systematics will play an even  
     larger role in future endeavors 
     (CP asymmetry smaller for large θ13) 

   - some surprises have been  
     showing up in recent data 

•  new σν measurements coming in 
  (ArgoNeuT, µBooNE, MINERνA, MiniBooNE,    
   MINOS, NOMAD, NOvA, SciBooNE, T2K) 

•  new ideas for the future addressing  
  νe & νe cross sections! (νSTORM) 

(Particle Data Book, 2012) 
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(6) Synergies 
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•  in the IF report, we highlighted connections between neutrinos and  
  other areas (other IF sub-groups and with other frontiers) 

•  always more work to do to identify areas of overlap between 
  neutrinos and other areas 

what can we do for other fields? 
what does it all 

mean? 
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(7) Facilities & Detectors 
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Water Cerenkov           Liquid Argon TPCs        Liquid Scintillator    

•  facilities 
  - Project-X 
  - also, cyclotrons and muon storage rings 

•  technologies for next-generation detectors 

•  unique physics  
  potential &  
  technological  
  advancements  
   have produced  
   a fertile  
   environment  
   new ideas 

•  a lot of clever people thinking of ways to approach the remaining  
  questions in neutrino physics 
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Plans Leading Up To Next Summer 
16 

•  What’s next? 

•  additional input is welcome! 
   (please send to Andre, Kate, Sam, Kevin) 

    - “whitepapers” that we received before Rockville were  
       incredibly helpful (few-page summaries)  
    - please send and specify which “tier” your idea corresponds to:  
      small, medium, large 
    - will update IF neutrino document and distill into a shorter summary 
      (if needed) 

•  an interim face-to-face neutrino WG meeting before summer 2013 
   - one suggestion: piggyback on DURA meeting at SLAC in March? 
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Opportunities for Input 
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•  between now and Snowmass … 

•  also, NSAC (Nuclear Sciences Advisory Committee) report in January 2013 
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Neutrinos Worldwide 
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•  SNOLAB- SNO+, EXO, Halo 
•  China - Daya Bay II 
•  India - INO	


•  Japan 
   - Report on Future Projects of High Energy Physics, Feb 2012 
      http://www.jahep.org/office/doc/201202_hecsubc_report.pdf 

    - KEK roadmap expected to come out in March 2013 

•  Europe 
   - EOI for LBNO submitted to CERN, June 2012 
      http://cdsweb.cern.ch/record/1457543 

   - European Strategy meeting, Sept 2012 in Krakow 
   - updated strategy to be presented to CERN council March 2013 

Hyper-K workshop 
August 23-24, 2012 

U.S. is involved 

in many of these! 
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Conclusions 
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•  we know that significant discoveries are possible in neutrino physics 

   - large θ13 has enabled the path to CP violation in the ν sector 
   - answers to the questions of the ν mass ordering, the nature 
     of the ν, and absolute ν masses are within our reach 

•  there are many opportunities in front of us  
  … this is very exciting! 

•  we have a plan - we have experiments  
  running now/soon and solid ideas beyond  
  that – we need to articulate this coherently 

•  please send us your input! 
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Neutrino WG Email List 
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•  if you are not already on the neutrino WG email list and would like 
  to be, please send an email to Andre, Kate, Kevin, and/or Sam  
  to get added 


